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QUASI -VERTICAL SEMICONDUCTOR COMPONENT 

5 Background of the Invention : 
Field of the Invention : 
The present invention relates to a quasi-vertical 
semiconductor component having at least two inner cells 
disposed in a well, a buried layer provided between the well 
10 and a semiconductor substrate, and a sinker zone ("terminal 
zone" for the buried layer) , which connects the buried layer 
to a surface of the semiconductor component. 

A quasi -vertical semiconductor component of this type is 
15 described for example in the reference by B. Murari et al . , 
titled "Smart Power ICs' 1 , Springer, pages 20 and 32 to 36. 

The basic construction of a conventional quasi -vertical 
semiconductor component of this type is illustrated in a 
20 sectional illustration in Fig. 5. The semiconductor component 
may be, by way of example, a diode, a vertical DMOS 
transistor, a bipolar transistor or a thyristor. 

In all these cases, the quasi -vertical semiconductor component 
25 has, for example, a p-conducting semiconductor substrate 1 
made of silicon and an n-conducting semiconductor layer 2 
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likewise made of silicon, for example, provided on the 
substrate 1. In this case, the semiconductor layer 2 can be 
applied to the semiconductor substrate 1 by epitaxy. 

Situated between the semiconductor substrate 1 and the 
semiconductor layer 2 is an n + -conduct ing buried layer 3, which 
is connected via a likewise n + -conducting sinker zone 4 to a 
surface of the semiconductor component at which an n+- 
conducting terminal zone 5 with a sinker terminal 6 is 
provided. In general, for the sinker zone 4 it is possible to 
use any type of conducting connection between the buried layer 
3 and the surface, such as, for example, a trench filled with 
doped polycrystalline silicon. 

With the buried layer 3 and the sinker zone 4, which is 
configured in an annular fashion, if appropriate, a common n- 
conducting well 7 is formed in the semiconductor layer 2, the 
well 7 containing various inner cells 8 which are connected in 
parallel with one another via a common terminal 9. 

An edge termination 10 provides for a dielectric strength 
between the last inner cell 8 and the sinker zone 4 that does 
not form a limitation for the component. 

The edge termination 10 may contain a suitable combination of 
diffusions in the well 7, an insulation layer containing, for 
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example, silicon dioxide and/or silicon nitride and a field 
plate (e.g. made of metal or polysilicon) lying above the 
insulation layer. 

5 Depending on the type or construction of the inner cells 8, 
the quasi-vertical semiconductor component illustrated is a 
diode, a vertical DMOS transistor, a bipolar transistor or a 
thyristor . 

10 It should be noted at this point that the conductivity types 
specified here and below are only examples. It is thus 
possible, of course, to provide the conductivity types in 
opposite fashion, that is to say, by way of example, to 
replace the n conductivity type with the p conductivity type 

15 and vice-versa. Equally, it is possible to use any suitable 
semiconductor material such as, in particular, silicon, 
silicon carbide, etc. for the quasi-vertical semiconductor 
component . 

2 0 Fig. 6 shows, as a first concrete example for the 

semiconductor component of Fig. 5, the construction of a 
quasi -vertical up-drain DMOS transistor, that is to say of a 
DMOS transistor whose drain terminal does not lie on the rear 
side of the substrate as in the case of a vertical structure, 

2 5 but rather on the same side as a gate terminal and a source 

terminal or a body terminal. In this case, the inner cells 8 
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contain a p-conducting body zone 11 and an n-conducting source 
zone 12, it being possible to provide the body zone 11 and the 
source zone 12 with a common contact 13 . 

The individual source zones 12 of the various inner cells 8 
may be produced by diffusion and run parallel to drain from 
sinker zone 4, buried layer 3 and well 7. However a polygonal 
configuration of the respective inner cells 8 is also 
possible . 

Situated between the individual source zones 12 are gate 
electrodes 14 on a non- illustrated gate oxide. 

The current from the source zones 12 flows via the channels 
formed beneath the gate electrodes 14 in the body zones 11 
into the common well 7 and from the latter to the buried layer 
3, from where the current flows further via the sinker zone 4 
and the terminal zone 5 into the sinker terminal 6 forming a 
drain terminal . 

If, in the example of Fig. 6, the gate electrodes 14 are 
omitted and the terminals for the body zones 11 and the source 
zones 12 are led out separately, then a bipolar transistor is 
produced, as is illustrated in Fig. 7, where it has a common 
p-conducting base zone 15 with p + -conduct ing base terminal 
zones 16 and also n-conducting emitter zones 17 embedded in 
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the base zone 15. The base zones 16 and the emitter zones 17 
in the common well 7 are respectively connected together in 
this case. The sinker terminal 6 forms a collector terminal 
in the bipolar transistor. 

5 

Fig. 8 shows, in a simplified illustration, an impedance 
network which corresponds to the examples of Figs. 5 to 7 and 
reveals how the buried layer 3 causes a voltage drop on 
account of its internal resistance with resistances Rl, R2 , 
10 R3, ... between the individual inner cells 8. Moreover, if 

appropriate there may be a gradient in the RC constant of the 
respective body-drain diodes of the individual inner cells 8 
from outside, that is to say from the sinker zone 4 inward to 
the cell. This gradient in the RC constant, that is to say in 
15 the admittance Y (R, C) = 1/Z (Z = impedance) is illustrated 
diagrammatically by the individual imaginary resistances in 
Fig. 8. In the case of a high current density or rapid 
voltage changes, it becomes apparent to a greater extent, the 
more inner cells 8 lie parallel to one another in the well 7 
2 0 and the higher the resistance of or the lower the doping of 
the buried layer 3 . 

In the case of a quasi-vertical semiconductor component of the 
type outlined above, what are critical are primarily operating 
25 points for which the power loss is high and in which the 
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current i at a common terminal 18 is greatly dependent on the 
voltage u present at the sinker terminal 6. 

It is, then, typically the case for reverse-biased or 
avalanche operation of all types of quasi-vertical 
semiconductor components that in the latter the sinker voltage 
u in the case of a specific avalanche or reverse current i2 
abruptly falls or "snaps back" to a low voltage. This is also 
referred to as 11 snap -back" . The snap-back is undesirable for 
many semiconductor components and limits their safe operating 
area. For other semiconductor components, such as ESD 
protection structures (ESD = Electrostatic Discharge) , for 
example, the snap-back is desirable, which usually holds true 
only in the event of optimum utilization of the available 
area . 

It is desirable in both cases above, however, for the power 
loss to be distributed uniformly over the area of the inner 
cells 8 in the well 7 and for all the inner cells 8 to trigger 
to their "avalanche characteristic curve" under an identical 
or at least similar operating point. 

Fig. 9A, which illustrates the forward current il of a 
semiconductor component having inner cells 1 to N as a 
function of the sinker voltage u, and Fig. 9B, which shows the 
dependence of the reverse current ±2 of the semiconductor 
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component as a function of the sinker voltage u of the 
semiconductor component, then reveal that the individual inner 
cells 8 (the cell 1 designates a cell located the nearest to 
the sinker zone 4, while the zone N/2 indicates a cell in the 
5 center of the well 7) , have very different operating points, 
the position of these operating points depending on the 
distance between the respective inner cells 8 and the sinker 
zone 4. In this case, the first cell (cell 1), which reaches 
its trigger current with respect to a snap-back (in this 
10 respect, see especially Fig. 9B) , limits the strength of the 
semiconductor component overall. 

A further cause of why a gradient in the current yield of the 
individual inner cells 8 lying parallel to one another may be 
15 undesirable could possibly lie in the complex scalability of 

the current properties of the semiconductor component with the 
number of inner cells thereof, which in turn results from the 
voltage drop in the buried layer 3 . 

20 Therefore, a fundamental problem in quasi-vertical 

semiconductor components is that the operating points of the 
inner cells are greatly dependent on the sinker voltage u and 
the inner cells are therefore at different operating points 
depending on their distance from the sinker zone 4. This 

25 results in a non-optimum utilization of the available 
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semiconductor area in cases of a high power loss such as at 
the breakdown of the semiconductor component . 



Summary of the Invention : 
5 It is accordingly an object of the invention to provide a 
quasi -vertical semiconductor component that overcomes the 
above-mentioned disadvantages of the prior art devices of this 
general type, in which the disadvantages brought about by a 
voltage drop in the buried layer are ultimately overcome. 

10 

With the foregoing and other objects in view there is 
provided, in accordance with the invention, a quasi-vertical 
semiconductor component. The component contains a surface, a 
semiconductor substrate, a well, at least two inner cells 
15 disposed in the well and having a substantially similar 

operating point, thereby compensating for differences between 
the inner cells, a buried layer disposed between the well and 
the semiconductor substrate, and a sinker zone connecting the 
buried layer to the surface of the semiconductor component . 

20 

In the case of a quasi-vertical semiconductor component of the 
type mentioned in the introduction, the object is achieved 
according to the invention by virtue of the fact that the 
inner cells have an essentially similar operating point, 
25 thereby compensating for differences between the inner cells. 
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In other words, in the case of the quasi -vertical 
semiconductor component according to the invention, 
corresponding measures ensure that the inner cells of the 
semiconductor components are at a similar operating point in 
5 the largest possible part of their operating range. The 

differences may generally be compensated for for example by 
variation of the structure of the inner cells by processing, 
wiring, layout, etc. This variation can thus compensate for 
differences between the inner cells caused by the buried 
10 layer, if appropriate depending on the sinker voltage. 

Thus, what is essential to the quasi -vertical semiconductor 
component according to the invention is that a voltage 
gradient - generated by the buried layer - between the inner 

15 cells that lie parallel to one another is compensated for by 
providing for corresponding compensation in the inner cells. 
What is thereby achieved is that all the inner cells in the 
well of the semiconductor component, at a specific sinker 
voltage, are at a similar operating point for the forward 

20 current il or the reverse current i2 . For this purpose, a 
"gradient" is built into the individual inner cells, the 
gradient specifically being brought about for example by width 
and/or grid of the inner cells or by the wiring or by special 
process measures, such as additional diffusions. 
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In accordance with an added feature of the invention, the 
inner cells have a given width and a given radius of 
curvature, and the substantially similar operating point of 
the inner cells is set by varying the given width, the given 
radius of curvature and/or a grid configuration of the inner 
cells . 

In accordance with an additional feature of the invention, the 
inner cells have body zones with a given width and a given 
radius of curvature, and that the given width of the body 
zones, the given radius of curvature of the body zones, and/or 
a grid configuration of the body zones of the inner cells is 
varied. 

In accordance with a further feature of the invention, the 
body zones are wider or have a larger radius of curvature in a 
vicinity of the sinker zone than at a distance from the sinker 
zone . 

In accordance with another feature of the invention, the grid 
configuration of the inner cells has a larger spacing distance 
at a distance from the sinker zone than in a vicinity of the 
sinker zone. 

In accordance with another added feature of the invention, 
doped regions are disposed in the well. A variation of the 
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given width, the given radius of curvature and/or the grid 
configuration of the inner zones are effected by the doped 
regions. Preferably, the doped regions are introduced by 
high-energy ion implantation and lie between the well and the 
5 body zone of the inner cells. 

In accordance with a concomitant feature of the invention, the 
well has an edge region and the sinker zone is disposed at the 
edge region. 

10 

Other features which are considered as characteristic for the 
invention are set forth in the appended claims. 

Although the invention is illustrated and described herein as 
15 embodied in a quasi -vertical semiconductor component, it is 

nevertheless not intended to be limited to the details shown, 
since various modifications and structural changes may be made 
therein without departing from the spirit of the invention and 
within the scope and range of equivalents of the claims. 

20 

The construction and method of operation of the invention, 
however, together with additional objects and advantages 
thereof will be best understood from the following description 
of specific embodiments when read in connection with the 
25 accompanying drawings. 
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Brief Description of the Drawings : 

Fig. 1A is a graph showing a dependency of a forward current 
on a sinker voltage in a quasi -vertical semiconductor 
component according to the invention; 

5 

Fig. IB is a graph showing a dependency of a reverse current 
on the sinker voltage in the quasi -vertical semiconductor 
component according to the invention; 

10 Fig. 2 is a diagrammatic, sectional view of a base region of a 
bipolar transistor as a first exemplary embodiment of the 
quasi -vertical semiconductor component according to the 
invention; 

15 Fig. 3 is a sectional view of a source cell array of an up- 

drain DMOS transistor as a second exemplary embodiment of the 
semiconductor component according to the invention; 

Fig. 4 is a sectional view of the source cell array of an up- 
20 drain DMOS transistor as a third exemplary embodiment of the 
quasi -vertical semiconductor component according to the 
invention; 

Fig. 5 is a sectional view for elucidating the general 
25 construction of a quasi -vertical semiconductor component; 
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Fig. 6 is a sectional view of a conventional quasi-vertical 
up-drain DMOS transistor; 

Fig. 7 is a sectional view of a conventional quasi-vertical 
5 bipolar transistor; 

Fig. 8 is a sectional view of an impedance network in the case 
of a conventional quasi -vertical semiconductor component ; 

10 Fig. 9A is a graph showing a dependency of the forward current 
on the sinker voltage in a conventional quasi-vertical 
semiconductor component; and 

Fig. 9B is a graph showing the dependency of the reverse 
15 current on the sinker voltage in a conventional quasi -vertical 
semiconductor component. 

Description of the Preferred Embodiments : 

In all the figures, the same reference symbols are used in 
20 each case for mutually corresponding structural parts. 

Referring now to the figures of the drawing in detail and 
first, particularly, to Fig. 1A thereof, there is shown a 
quasi -vertical semiconductor component according to the 
invention, in which the consequences brought about by the 
25 voltage drop that occurs in the buried layer on account of the 
resistance thereof are ultimately compensated for. In other 
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words, a "gradient" - brought about by the voltage drop - 
between the individual inner cells of the semiconductor 
component is compensated for. As a consequence of the 
compensation, all the inner cells have an essentially similar 
5 operating point independently of the sinker voltage, as is 

shown in Figs. 1A and IB. Thus, Fig. 1A shows the dependence 
of a forward current il as a function of a sinker voltage u, 
while Fig. IB illustrates the dependence of a reverse current 
i2 as a function of the sinker voltage u. As can be seen from 

10 Figs, 1A and IB, in the semiconductor component according to 
the invention, practically the same values for the forward 
current il (see Fig. 1A) and, respectively, for the reverse 
current i2 (see Fig. IB) are present from the inner cell 1 in 
the vicinity of the sinker zone up to the inner cell N/2 in 

15 the center of the well 7, with the result that a variation of 
the operating points as in the existing semiconductor 
components, as was explained with reference to Figs. 9A and 
9B, no longer occurs. In other words, in the quasi -vertical 
semiconductor component according to the invention, the 

20 forward current il or the reverse current i2 always has 

substantially the same constant value independently of the 
position of the inner cell at the edge or in the center of the 
well 7 as a function of the sinker voltage u. 



25 Figs. 2 to 4 then illustrate concrete exemplary embodiments of 
the quasi -vertical semiconductor component according to the 
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invention, which illustrate in concrete terms how it is 
possible to ensure that the inner cells have an essentially 
similar operating point. 

5 Fig. 2 illustrates a bipolar transistor as an exemplary 
embodiment of the quasi -vertical semiconductor component 
according to the invention. In the exemplary embodiment, a 
base-collector breakdown is varied with the aid of p- 
conducting zones 2 0 which are introduced by high-energy 

10 implantation, for example, and are provided in addition to the 
conventional bipolar transistor of Fig. 7 in the region of a 
pn junction between a base zone 15 and a well 7. The zones 20 
are then configured or doped in such a way that larger radii 
of curvature are present at the edge of the well 7 than in the 

15 center thereof, so that what is achieved by the zones 2 0 for 

the inner cells 8 is that there is a gradient in the breakdown 
from "the inside toward the outside". In other words, the 
inherently lower voltage in the center of the buried layer 3, 
which voltage is brought about by the voltage drop in the 

20 buried layer 3, is compensated for in terms of its effect on 
the breakdown behavior in that here care is taken to ensure 
smaller radii of curvature of the pn junction between the base 
zone 15 and the well 7 than in the edge region of the well 7, 
in which the zones 2 0 have a larger radius of curvature, with 

25 the result that the larger voltage present which inherently 
leads rather to a breakdown is compensated for there by the 
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larger radius of curvature of the pn junction. The fact that 
smaller radii of curvature provide for lower breakdown 
voltages is therefore exploited here. 

Fig. 3 shows a further exemplary embodiment of the 
semiconductor component according to the invention on the 
basis of an up-drain DMOS transistor, in which, in a manner 
similar to that in the exemplary embodiment of Fig. 2, the 
zones 2 0 which may be introduced by high-energy implantation 
compensate for the breakdown between the body zones 11 and the 
well 7 that forms part of the drain. The essential aspect of 
the present invention emerges immediately from a comparison of 
Fig. 3 with Fig. 6: in contrast to the conventional 
transistor, in the quasi-vertical semiconductor component 
according to the invention, the individual body zones 11 of 
the respective inner cells 8 have the zones 20 located beneath 
them, which zones, in a similar manner to that in the 
exemplary embodiment of Fig. 2 have a radius of curvature that 
changes from the outside inward, the radius of curvature, in 
this case as well, being larger at the edge of the well 7 than 
in the center thereof. What is achieved in this way, as in 
the exemplary embodiment of Fig. 2, is that the individual 
inner cells have a similar breakdown strength (latch-up 
strength) . 
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Finally, Fig. 4 also shows a further exemplary embodiment of 
the semiconductor component according to the invention in the 
form of an up-drain DMOS transistor in which an effect 
comparable to the exemplary embodiments of Figs. 2 and 3 is 
5 obtained by varying the width of the individual body zones 11 
and the grid thereof. In other words, in the exemplary 
embodiment of Fig. 4, the body zones 11 located at the edge of 
the well 7 have a larger radius of curvature than the body 
zones 11 in the center of the well 7, and, moreover, the body 

10 zones 11 are disposed closer together at the edge of the well 
7 than in the center of the well 7. This also has the effect 
that the pn junction structure has larger radii of curvature 
in the region of higher voltages of the buried layer 3, that 
is to say is ultimately flatter than in the central region of 

15 the well 7 . 

The invention thus for the first time enables the possibility 
of providing for compensation of the voltage drop along a 
buried layer by targeted variation of the configuration of the 
20 pn junction between body zones and well. This results in a 
considerable improvement especially in the breakdown 
properties of a semiconductor component configured according 
to the invention. 
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